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Through  the  graded  action  of  physical  and  chemical  agencies 
upon  the  tumor material before inoculation,  it  is  possible  experi- 
mentally to  decrease the  energy of tumor growth,  as  was  shown 
by  Leo  Loeb  in  his  investigations  in  serial  transplantations  of 
thyroid sarcomas of  rats. 1 
In  a  detailed investigation,  a  report of which will  appear  else- 
where, E. P. Corson White and Leo Loeb have studied the decrease 
in growth-energy produced by similar agencies in the carcinoma of 
white mice.  It was of interest to investigate how far the morpho- 
logical changes in such tumors corresponded to the experimentally 
produced variations in the energy of growth. 
During the past  year, therefore, a  systematic microscopic study 
has been made of the different generations of  a  carcinoma trans- 
planted into white mice.  The original tumor had developed spon- 
taneously in a mouse which Dr. Loeb obtained from Granby, Mass. 
The sections studied covered a period of experimentation with the 
tumor extending from March,  19o7,  to June,  191o,  and comprised 
all generations produced within that time. 
The sections were divided into four groups according to the his- 
tory of  the  tumor. 
(a)  Sections of the original tumor transplanted without experi- 
mental interference or modification, " the unheated series." 
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(b)  Sections of the tumors which had been heated to 44 °  C.  for 
varying periods of time before inoculation through successive gen- 
erations,  "the long-heated series." 
(c)  Sections of the tumors which had been heated before inocula- 
tion  for  varying periods of time as in  (b)  but through a  shorter 
number of generations,  "the  short-heated series." 
(d)  Sections  of  tumors,  of  which  some  generations  had  been 
heated  for varying lengths of time, and other generations had not 
been heated, "the mixed series." 
The object of this investigation was to determine what changes 
in the morphological character, if any, took place as a  result of the 
various manipulations to which this tumor had been subjected be- 
fore  inoculation. 
The  average  interval  separating  the  inoculation  of  the  tumor 
and  its  removal  for  histological  examination  was  approximately 
thirty days, although some tumors were removed as early as seven 
days, and some as late as  fifty-four days after  inoculation. 
The  tumor in  its  original  state  presented  a  distinctive picture. 
There was  a  more or less  extensive central  area  of  necrosis  sur- 
rounded by living tumor tissue, which consisted of densely packed 
epithelial cells arranged in alveoli of rather large size,  these alveoli 
being  separated  by  thin  strands  of  connective tissue.  Here  and 
there  were  seen  smaller  alveoli  separated  from the  larger  groups 
by connective tissue strands.  These smaller alveoli presented very 
few  indications  of  lumina.  When  present,  however,  these  were 
seen to be formed by included lymph spaces or by sections of small 
blood-vessels.  To  distinguish  them  from  true  gland-like  struc- 
tures we shall designate these as "pseudo-acini." 
As  the  center  of  a  conglomeration of  alveoli  became  necrotic, 
the  outline  of  the  central  necrotic  plug  generally  blocked  out 
the  surrounding  masses  of  living  tumor  cells  into  long  spiral 
formations.  Such formations are hereafter spoken of as  "gyrate 
formations."  Where  the  gyrate  formations  predominated,  the 
tumor was  loose in texture. 
Quite  often  the  gyrate  formations  were  seen  in  intimate  re- 
lation to  a  blood vessel,  being separated  from it  only by the wall 
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plugs  were  always  present.  There  was  little  connective  tissue  to 
be seen in or around the gyrate formations.  Mitoses were frequent, 
especially  in  tumors  of  rapid  growth.  Infiltration  into  the  sur- 
rounding tissues was present  in many,  but not in  all instances,  and 
was never  very marked.  This,  then,  was the  picture  presented  in 
the  early  generations  of  the  tumor  not  subjected  to  experimental 
manipulations. 
The first morphological change to be noted in the unheated series 
was  the  disappearance  of  the  gyrate  formations.  These  began  to 
lessen  numerically  from  the  sixth  to  the  eighth  generation,  disap- 
pearing  in  the  tenth  generation.  This  disappearance  was  due  to 
the  increase  in  the  amount  of  connective  tissue  at  the  margin  of 
a  gyrate  structure  sending  in  smaller  strands  which  separated  it 
into smaller alveoli,  so that  what would have been a  gyrate  forma- 
tion  became,  through  the  ingrowth  of connective  strands,  a  group 
of  smaller  alveoli.  The  disappearance  of  the  gyrate  formations 
was not absolute but depended upon the amount of connective tissue 
present,  which  was  subject  to  wide  variations;  indeed,  indications 
of gyrate formations,  and  even typical ones, are occasionally found 
in much  later generations,  e.  g.,  as late  as the  twenty-fifth genera- 
tion,  or  even in  tumors  obtained  quite  recently. 
In  tumors  grown  in  an  individual  mouse  over  a  longer  period 
of  time,  there  was  sometimes  an  increase  in  the  amount  of  con- 
nective tissue,  as a  result  of which  such tumors  tended  toward  the 
formation  of  smaller  alveoli.  While  this  increase  in  the  amount 
of  connective  tissue  is  such  that  the  older  tumors  generally  con- 
tain  slightly  more  connective  tissue  than  the  younger  growths, 
it  bears  no  quantitative  relation  to  the  length  of  time  during 
which  the  tumor  has  grown  in  that  individual  mouse;  but  on  the 
whole,  the  amount  of  connective  tissue  is  subject  to  wide  and 
sudden variations,  a  generation  with  much  connective  tissue  being 
sometimes  immediately  succeeded  by one  in  which  the  connective 
tissue  was  present  in  a  small  amount. 
The  amount  of  connective  tissue  is  more  or  less  independent 
of  rapid  or  slow  growth,  heating,  or  experimental  conditions  of 
inoculation.  The  heating  of  the  tumor  material  previous  to  the 
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of connective tissue in the tumor that develops from this implanta- 
tion. 
Generally the  tumors  showed  an  alveolar  structure,  variations 
being produced through differences in the size,  shape, and arrange- 
ment of the alveoli. 
In no  case were true acini  found.  Especially in  the periphery 
of  the  tumors,  where much connective tissue  invaded the  tumor 
parenchyma, apparent acini were occasionally observed, which, how- 
ever,  on  closer investigation proved to  differ  from the grandular 
acini.  We may call such structures pseudo-acini. 
They were produced in one of the  following ways: 
I.  By the breaking down of central cells.  In this case, the lumen 
is occluded by cell debris,  leaving a  peripheral ring of tumor cells 
more or less bizarre in form.  The same process produces a gyrate 
formation if the necrosis takes place in the center of large alveoli 
and if the necrosis breaks through the ring of tumor tissue at one or 
more points. 
2.  By  the  inclusion  of  blood  spaces  or  small  vessels  in  tumor 
alveoli. 
3.  By the inclusion of lymph spaces. 
Pseudo-acini due to the second and third of the preceding ways 
were more frequently seen than those due to  the  first,  and struc- 
tures due to the third were the most frequent of all. 
There was very little  difference in  the morphological character 
of slow and fast growing tumors. 
Mitoses were present in all sections, varying somewhat in number 
but apparently without marked difference in sections of heated, un- 
heated, or retrogTessing tumors. 
Infiltration of the surrounding tissues by the tumor cells was not 
constantly seen, and although there were Sections showing tumor in- 
filtration  into  muscle,  fat,  and  areolar tissue,  the  infiltration was 
never very marked in any case. 
The only marked effect of heating consisted in a  retardation of 
growth.  This  effect  varied  generally  with  the  duration  of  the 
heating. 
The amount of  necrosis,  while independent of any law,  varied 
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obtained  from  tumors  that  had  been  heated  the  longest,  but  was 
often almost as extensive in  unheated specimens. 
We may conclude from the examination of these specimens thin 
this tumor was but slightly, if at all, affected morphologically by the 
experimental  manipulations  (heating,  etc.)  to  which  it  was  sub- 
jected,  for  no  permanent  morphological  change  was  produced 
through  the  influence  of  the  physically  injurious  conditions  to 
which  it  was  exposed before  inoculation.  The  partial  disappear- 
ance  of  the  gyrate  formations  which  we  described  was  evidently 
independent of the previous heating, and merely the result of suc- 
cessive transplantation.  We wish to  emphasize especially the  fact 
that the experimentally produced decrease in the energy of growth 
of these tumors did not change the alveolar character to an ,acinous 
one.  While  structures  which  we  designate  as  pseudo-acini  were 
present,  no true acini were found. 
A  return to an adenomat'ous structure, which Apolant  2 described 
as  a  result  of  weakening  tumor  growth  through  transplantation 
into  resistant  animals,  was  not observed after a  direct weakening 
of  the  growth  through  the  influence of  physical  agencies. 
In conclusion I  wish to express my thanks to  Dr.  Leo  Loeb,  at 
whose  suggestion  this  work was  undertaken. 
2  Mi~nchen. reed. Wchnschr.,  19o7, liv, 172o. 